Worked-out Problems 


1. 24 g of zinc are solubilized in 1M acid solution. Using Faraday’s law, calculate coulombs 
(Q) produced in the anodic oxidation process. 

F = 96500 Coulombs 

n = 2 for Zn = Zn ++ + 2e 

24g per 65.4 g/mole of Zinc 

Q = 96500 x 2 x -fr~ = 70,325 coulombs 


2. With respect to EMF series, indicate the easiness with which the following metals can be 
cathodically reduced? 

Cu ++ / Cu, Pb ++ / Pb, Fe ++ / Fe, Co ++ / Co 

Answer: Cu (E° = + 0.34Y) easiest to reduce, followed by 

Pb (E° = -0. 126V), Co (E° = - 0.28V) and Fe (E° = - 0.44Y) 


3. Which among the following metals is easily oxidized in solution? Ag, Au, Mg, Fe, Zn 

Answer: Mg (E° = - 2.38 V), Zn (E° = - 0.76 V), Fe (E° = - 0.44V), 

Ag (E° = + 0.8V), Au (E° = + 1 .68 V) 


4. Potential measured for a metal in a solution with reference to hydrogen electrode is 1 .0 
V. What would be the potential Vs Ag/AgCl and Cu/CuS04? 

Answer: 1.0 - 0.2 = 0.84 V (Ag / AgCl) 

1.0 - 0.34 = 0.66 V (Cu / CuS0 4 ) 
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5. A luggin capillary is commonly used in potential measurements and polarization studies. 
Comment on its advantages. 

Answer: To Facilitate potential measurement is close proximity to the working electrode. 
Eliminate liquid junction potentials. 

6. How one can verify existence of concentration polarization for an electrochemical 
reaction in a stagnant dilute solution? 

Concentration polarization is affected by solution agitation (Stirring). If the polarization 
disappears on agitation, one can confirm that it was indeed concentration polarization. 

7. Calculate the cell potential 

Ag | Ag + (1.0M) || Cu ++ (1.0M) | Cu° 

As written, anode is Ag = Ag + + e E° = + 0.8V 

cathode is Cu ++ + 2e = Cu E° = + 0.34 V 
Eceii = 0.34 - ( + 0.8) = - 0.46 V 
The cell is not spontaneous 

If the electrodes are reversed in position, the E ce u becomes +0.46 V (spontaneous) 

8. Using Faraday’s law, calculate time required to plate out 50 g of nickel from its sulfate 
using a current of 4.0 amperes? 

50 / 58.7 = g / mole = 0.85 mole of nickel 
Ni ++ + 2e = Ni 

0.85 x 2 = 1.70 mol e required 
1.70 x 96500 = 1, 64050 coulombs / mol 
1,64,050 x 4 = 656200 Seconds 
Convert into minutes / hours 
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9. What is the difference between activation and concentration polarization? 
Find answer from a book. 

10. Simplify In 77- to room temperature condition? 

2.303 x 8.314 % (273 4- 2S) 

96500 

0 055 -.0 

= at 25 c 

n 

11. Calculate the reversible potential for zinc in contact with ZnCl 2 at 10~ 3 M. 
E Zn = -0.76 + ^p log [10~ 3 ] 


= -0.85 V 


12. What is the potential of O2 electrode in a solution at pH = 10. 
0 2 + 2H 2 0 + 4e = 2H 2 0 

Eh = 1.23 -0.059 pH 
1.23 - 0.059 x 10 V 
= 0.64 V 

13. For the reaction Fe ++ + Sn = Sn ++ + Fe 
E ceU = - 0.44 - ( - 0.140) = - 0.301 V 
This reaction is non-spontaneous 
Cell reverses polarity at E ce ii = 0 

q>x r r a + +1 

0.301 = 2.303 — log 7^ — r 

*F & [Jb + + ] 
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C 301 .v 2 _v 56500 



2 3C3 a £ 314 a- 25 £ 


= 6.4 xlO ' 11 

14. Corrosion rate of iron in mpy for an equivalent corrosion current density of 1 pA / cm 2 


Atomic wt 



Density 


15. Penetration rate - current density relationship for alloys require the determination of 
equivalent weight. 

N = s ^ 

INeq - ^ 

Where fi = mass fraction 
n, = electrons involved 
a; = atomic wt 
Equivalent wt = 777 

For an alloy with Fe = 72% 

Cr = 18% 

Ni= 10% 
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Neq = 


C IS * 3 


0,1*2 


C 72 2 


+ ■ 


53 7 


+ 


55 3 


= 0.04 

Equivalent wt of alloy = -77 = 25 

Li“ Li T 

2 

Refer Table 3.1 in reference, D. A. Jones to get the mpy for 1E1A / cm current density 
and equivalent wt. 

Similarly corrosion penetration rates for other alloys can be arrived at. 

16. Polarization resistance from the curve is 
R p = 1 .5 x 10 2 ohm - cm 2 

AA' 

P* + Pc- 

Determine 6 a and B c from the linear polarization plots. Suppose the value of and B c 
are 90 mV / decade. 

90l 

ISC J 


Icorr 


5 C3 .v 1 5 x 1C" 


Icorr 


3 Co Rr 


17. The potential of a platinum electrode on which hydrogen evolved is - 1.0 V (NHE) at pH 
3.0. What is the hydrogen overpotential? 

Eh = 0.059 pH 

Eh = -0.18 Vat pH 3 

Over potential is E - E rev 

-1.0- (-0.18) = -0.82 V 
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18. The fundamental concept in cathodic protection is that the protected structure (metal) is 
polarized to the open circuit anode potential of local action cells for complete protection. 
Theoretical calculations for minimum potential for cathodic protection can easily be 
made. 

For Fe, assume activity of Fe ++ in equilibrium. 

Calculate [Fe ++ ] from solubility product of Fe (OH )2 
Eh = - 0.44 + ^ log [Fe ++ ] 

rT ^ ++-. (Solubility product) 

[ pe 1 

Fe ++ + 2 OH' = Fe (OH) 2 
K sp = 1.8 x 10‘ 15 

Eh works out to be - 0.60 V (NHE) 

Similarly, minimum potentials for cathodic protection can be calculated for Cu, Zn, Pb 
etc.. 

See the table below: 


Metal 

E°(V) 

K sp for M (OH) 2 

Calculated Eh (V) 

Fe 

- 0.440 

1.8 x 10' 15 

-0.60 

Cu 

+ 0.34 

1.6 x 10' 19 

+ 0.16 

Zn 

- 0.76 

4.5 x 10‘ 17 

-0.93 

Pb 

-0.126 

4.2 x 10" 15 

-0.27 
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